Negative regulation of TLR responses by the neuropeptide CGRP is mediated by the transcriptional repressor ICER.
Communication between the nervous and immune systems involves the release of neuropeptides, such as calcitonin gene-related peptide (CGRP), from sensory nerves during inflammation. CGRP may inhibit the activities of both innate and adaptive immune cells, but the molecular pathways underlying this function are largely unknown. In this study, we identify CGRP as a potent inhibitor of TLR-stimulated production of inflammatory mediators, such as TNF-alpha and CCL4, by murine dendritic cells. Inhibition of TLR responses was independent of IL-10 and did not involve perturbation of canonical TLR signaling, including activation of MAPK and NF-kappaB. Instead, the inhibitory activity of CGRP was mediated by the cAMP/protein kinase A pathway leading to rapid up-regulation of the transcriptional repressor, inducible cAMP early repressor (ICER). Ectopically expressed ICER directly repressed the LPS-stimulated activity of a synthetic Tnf promoter, as well as TNF-alpha protein production driven by the endogenous promoter. Inhibition of dendritic cell gene expression by CGRP was associated with the presence of a composite cAMP response element/kappaB promoter element. In a murine model of endotoxemia, CGRP markedly attenuated serum TNF-alpha levels, and this effect was associated with the up-regulation of ICER. Together, these results establish a novel pathway for the negative regulation of TLR responses through the nervous system that critically involves induction of the transcriptional repressor ICER by the neuropeptide CGRP.